Two profiles were taken on two cultivated soils (a calcareous soil and a vertisol) irrigated by the wastewater in the Ourzirha area (NE of the Meknes city), to explain the variability of the contents of Trace Elements (TE), their principal associations, and to predict their origins in these soils. To the whole of the geochemical data, a multivariate statistical analysis was applied (PCA and HAC). The results showed that the contents raised on the profiles are of lithogenic origin mainly, with a notable contribution of the exogenic contributions on the surface. These exogenic contributions on the surface are very large for the Zn on the vertisol.
INTRODUCTION
The origin and the geochemical interactions of the TEs, present in soil horizons, are often limited by lack of sufficient information about their behaviour and bio-availability in the soils (Kabala and Singh, 2001 ). This knowledge is very significant for the management of the quality and the setting of the culture of the soils, and also to be able to determine and set the standards on the contents of these pollutants.
In the soils, the origin of TEs can be geogenic (Parental material) or anthropogenic (Bourrelier et Berthelin, 1998; Colinet, 2003; Dère, 2006; Zaharescu et al, 2009) and/or by a local remobilization (Zaharescu et al, 2009) due to change in the physicochemical conditions in the soil itself (Bourrelier et Berthelin, 1998 ; Colinet, 2003; Dère, 2006) . The distribution of TEs, of lithogenic origin in the soils, inherited parental material is modified continuously by the action of deterioration in the natural cycle rock-soil-plant (Kabala and Singh, 2001 ).
The problem is more serious, especially in the soils developed on naturally-TEs rich materials -also, as the contaminated soils -where the TEs contents (up to 30 to 60 %) can pass easily in unstable forms (Kabala and Singh, 2001 ) and can increases the risks and the toxicity of the environment (Bourrelier et Berthelin, 1998; Dère, 2006) . This study is carried out on two soils developed on marls and limestones, rocks which are naturally rich in TEs and subjected to a spreading by sewage. In order to evaluate the variation of TEs contents, and to predict their origins in these soils, a Multivariate Analysis has been applied to the physicochemical and geochemical data collected on the studied soil profiles (Stanimirova et al, 1999; Facchinelli et al, 2001; Chen et al, 2008; Zhang et al, 2009 ).
MATERIALS AND METHODS
Site Description: The Ourzirha area is closed to Meknes City (Fig.1) where cultivated soils are subjected to spreading by raw wastewater. Two soils profiles were taken, a vertisol and a calcareous soil "French Classification of soil: CPCS, 1967 " (El Idrissi et alla, 1989 .
The vertisol developed on Miocene marl is characterized by a profile made up of a cultivated horizon Ap, of 15 cm thick, of brown colour and with a Silty-clay-sandy texture, overcoming an A1 horizon, of 15cm thick, which differs from the Ap horizon by its clearer colour. The whole of the profile is dominated in its bottom by a (B)ca horizon of 70cm thick very rich in clays (25%). The calcareous soil is developed on quaternary limestone. It presents on the surface an Ap horizon, of 25cm thick, with a black colour and a Silty-sand texture, overcoming a structural horizon (B), of 45cm thick and in bottom a Bca horizon, of 50cm thick, rich in Fe-Al oxyhydroxydes and limestone concretions. 
Sampling & Analyses:
The samples are taken in pits of 1.2 m and 1 m depths for the calcareous soil and the vertisol respectively. Seventeen samples are taken on the two profiles. The samples after air drying and crushing were subjected to an ICP-AES analysis for TEs determination (As, Cd, Cr, Cu, Ni, Pb and Zn) (Tahri et al, 2005) . The clay fraction was quantified after drying at 105°C and weighed solid load contained in the sample using Robinson device (Bonneau et Souchier., 1994) . The organic matter was determined by the loss on the ignition (Tahri et al, 2005; Zaharescu et al, 2009 ). The percentage of calcite was determined using a Bernard calcimeter (Baize, 2000) . The TEs contents in the sewage samples are determined by the ICP-MS (Table 1) .
Statistic Analysis:
A multivariate statistical analysis combining the PCA and the HAC techniques was usually employed to determine the natural and anthropogenic sources by grouping them in significant groups (Tahri et al, 2005; Chen et al, 2008; Zaharescu et al, 2009) . The vertical evolution of these contaminants is interpreted in relation to the variation coefficients values (CV).
The statistical processing was done using XLSTAT (3.02, version 2009) software. Principal Component Analysis: All data were subjected to a Principal Component Analysis (PCA), in order to show different associations between variables. In this analysis, the soil samples are regarded individuals, whereas the contents of TEs are considered variables.
The PCA constitutes a powerful statistical tool in the analysis and presentation of the data (Tahri et al, 2005; Zaharescu et al, 2009) , and the identification of the various relations between the various analysed variables and which are difficult to be identified by simple analysis (Zaharescu et al, 2009) , and constitutes the most rigorous method of the factorial analysis (Fine, 1993) . The eigenvalues are calculated from the correlation matrix (Tahri et al, 2005) . The PCA was made with a Varimax Rotation (Standardization of Kaiser) which is very known (Fine, 1993; Chen et al, 2008) . Only the factors having eigenvalues higher than 1 are taken for the analysis. Varimax rotation is applied to clarify and to make very easy the interpretation of results to the correlations Matrix and also to have a second analysis (Tahri et al, 2005; Chen et al, 2008; Zaharescu et al, 2009 ).
Hierarchical Ascending Classification (HAC):
This method is often coupled with the PCA to discriminate and confirm the results and to provide groupings of the analysed variables (Facchinelli et al, 2001; Stanimirova et al, 1999; Chen et al, 2008) . It constitutes the most suitable analysis with regard to the obviousness of the correlations between variables (Chen et al, 2008) . On the dendrogram, the distance on the axis represents the degree of association between the groupings of variables, i.e., a small distance indicates a great association (Facchinelli et al, 2001; Tariq et al, 2008; Dragovic et al, 2008; Zhang et al, 2009 ).
The variation Coefficient Calculation:
The variation coefficients (CV) were calculated in order to explain the variability or the homogeneity of the analysed variables distribution among the studied profiles. This coefficient constitutes a measure of relative variability corresponding to the ratio of the standard deviation on the mean, and it is expressed as a percentage by the expression:
It describes the homogeneity of the distribution of each parameter along the studied profiles. A strong value means not-homogeneous distribution of the studied parameter, whereas a low value indicates its homogeneity (Tahri et al, 2005; Chen et al, 2008; Zhang et al, 2009) .
RESULTS AN DISCUSSIONS
Vertical variation of the TE contents: This variation was evaluated by the calculation of the variation coefficients (CV) on each one of the considered parameters.
Calcareous soil: On this profile, the TEs contents show more or less large variations. This is indeed shown by the CVs relatively low for all the considered TEs (At between 21.6% and 41 %). These TEs show a distribution more or less homogeneous along the profile (Table 2) . Vertisol: On vertisol, the As, Cd, Cu, Ni, Pb and Zn show the CVs values relatively high ranging between 22.7 to 118.4 %. Cr, on the other hand shows a weak CV: 12. 2 %. On this profile Zn, Pb, Cd, As and Cu are distributed in a nonhomogeneous way along the profile. The nonhomogeneous distribution of Zn, Cu, Pb and Cd is influenced by their notable accumulations in the Ap horizon. The CV of the As on the other hand is influenced by its great content in the major horizon (B)ca (Table 3) .
Associations of the TE on the studied profiles:
Various geochemical associations of TEs on the studied profiles and in sewage were evaluated by the results from the PCA (Tahri et al, 2005; Chen et al, 2008; Zhang et al, 2009 ) and the HAC (Chen et al, 2008; Wei et al, 2009) applied to the considered TEs in order to identify their origin in the studied profiles (Chen et al, 2008; Wei et al, 2009 ).
Calcareous soil: Four principal components were retained for the analysis on this profile. They aspire 92,625% of the total variance (Table 4) . The first component associates As W , Cr W , Cu W , and As C , Cu C with positive contributions (Table 4) . This association is confirmed by the dendrogram of the HAC (Fig. 2) . This first association can be interpreted like an indication of the common origin of these TEs in the profile (Facchinelli et al, 2001; Tahri et al, 2005; Chen et al, 2008; Zhang et al, 2009 ). Association of TEs C with TEs W is an indication of common origin, i.e., a sewage expanded on studied profile. The first component can be regarded as an exogenic factor (Tahri et al, 2005; Chen et al, 2008; Wei et al, 2009; Zhang et al, 2009) . The second component associates Cd W, Cd C and Ni C positively (Table 4) , which is also well confirmed by the HAC (Fig. 2) . The association of Ni C Cd C and Cd W positively is an indication of their common origin. This is an indication to the sewage origin of these pollutants in surface soils. The second component can be considered as other exogenous factor influencing the contents of these TEs in the profile.
The third component gathers Cu C , Pb C , and Zn C with strongly positive contributions ( Table 4) . The same association, of Pb C and Zn C , is found on the HAC dendrogram (Fig. 2) . This association shows another origin of Cu in the profile. As these TEs show non-homogeneous distributions on the profile, and an abnormal evolution of the contents, by their notable accumulations in the Ap horizon, this indicates their exogenic origin in the profile at least on the surface. The second component thus constitutes an exogenic factor. Thus Cu C on this profile is of two exogenous sources, e.g., sewage and the cultural practices (fertilizers, pesticides, etc.).
The ACP and HAC results shows a slightly association between these TEs and As W , Cd W , Cr W , Cu W (Table 4 & Fig. 2 ). This is an indication of the small contribution of sewage in the contents of these TEs C .
The fourth component associates As C , Cr C and Ni C (Table 4) . This association can be interpreted like an indication of the common origin of these TEs in the profile (Facchinelli et al, 2001; Tahri et al, 2005; Chen et al, 2008; Zhang et al, 2009) . The contents of these three TEs evolve/move in a normal way, increasing with the depth, they are thus lithogenic. In the component are represented the TEs only as elements of lithogenic origin mainly.
The TEs contents analysed in the profile, shows, in general, relatively homogeneous distributions on the profile and their evolutions are normal below the cultivated horizon, increasing towards the depth, which means their lithogenic origin (Tahri et al, 2005) . However, important contributions of exogenous sources are founds. These exogenous sources are allotted with sewage and cultural practices. The cultural practices are contributed especially in the contents of Cu, Pb and Zn in this profile.
Vertisol: Three principal components are retained for the PCA on this profile. They aspire 88,951% of the total variance (Table 5 ). The first component binds Cd, Cu, Pb, and Zn with strong positive contributions, and the As with a good negative contribution (Table 5 ). The results of the HAC confirm the association of Cd, Cu, Pb and Zn (Fig. 3) . This association indicates the common origin of Cd, Cu, Pb, and Zn thus only one mechanism which controls their behaviours, and which are different from those of the As on the profile (Tahri et al, 2005; Chen et al, 2008; Wei et al, 2009 ). The TEs, contributed positively in this association, show a non-homogeneous distribution on the profile, by their CVs relatively high, imposed by their significant accumulations on the surface. Thus, this component represents an exogenic factor influencing the contents of these four TEs, especially on the surface. This exogenic factor is different from sewage. The second component is represented by As V , Ni V , and Cr V positively with a strong positive contribution of As W , Cr W , and Cu W (Table 5 ). This grouping means the same origin of Cr V , Ni V and As V in the profile with TEs W . Thus, the contents of the three TEs in surface profile are influenced by the sewage.
The third component gathers Ni V , Cd W with positive contributions and Cr V negatively (Table 5 ). This association highlights the origin of Ni V in soil surface influenced by the waste water. The chromium is negatively represented in the component, as small represented in second component. Thus, the Cr V is essentially an endogenous TE in profile. This is clear by the relatively homogeneous distribution, and a normal evolution of their contents on this profile (Table 3) . Therefore, we can say that this third component is another exogenic factor imposed by a raw wastewater.
CONCLUSIONS:
The contents of TEs show CVs more or less large and which are allotted to the more or less strong concentrations on the surface according to the TEs. In the studied profiles, below the cultivated horizon Ap, the contents of the majority of the analyzed TEs, evolve/move in a normal way, i.e., increasing towards the depth, which means the lithogenic origin of most of them, and also the notable effect of the exogenic contributions on the surface.
The multivariate statistical analysis enabled us to distinguish various sources of TEs in the studied profiles, lithogenic related to the parental materials and anthropogenic related to the human activities. As these soils are cultivated and subjected to the spreading of sewage, the sources of the exogenic contents of TEs are related to worn water and the agricultural practices (fertilizing, pesticides, etc). This results remain to approve, for example by a isotopic drawing technique.
